Abstract. White dwarf pulsators exhibit <7-mode pulsations. There are several mechanisms proposed for the driving of these oscillations. In this paper we present results of the first observational estimate of the location of the driving regions using the Whole Earth Telescope datasets.
INTRODUCTION
In recent years, asteroseismology of white dwarf pulsators has become a new emerging area of research. These pulsators are found to display '<?-mode' pulsations (Winget 1988 ) and several physical properties of the white dwarfs have been determined by resolving the (7-modes (Winget et al. , 1994 . This has become observationally achievable with the help of the Whole Earth Telescope (WET) network. The K and 7 mechanisms have been proposed as the driving mechanisms for most pulsators, including the white dwarf pulsators (Bradley & Winget 1991 , Starrfield et al. 1983 , Starrfield et al. 1984 . However other mechanisms such as convective blocking (Cox et al. 1987) , and more recently convective driving (Goldreich & Wu 1999 ) have also been suggested as possible driving mechanisms. For the very hot O-type white dwarf variables (DOVs) remnant nuclear shell burning was also proposed as one of the driving mechanisms (Kawaler 1986 ). The observational technique of WET has enabled us to obtain detailed temporal spectra on several white dwarf variables. We attempt to use these data in order to estimate observationally the location of driving region in these pulsators and hence deduce the type of driving mechanism. For this purpose we choose one target pulsator from each class of white dwarf pulsators, i.e., DOV, DBV and DAV. The specific targets are PG 1159-035 (DOV), GD358(DBV) and G29-38(DAV). We describe in this paper the method of analysis used for determining the location of the driving mechanism and the results obtained on the above three objects.
METHOD OF ANALYSIS

Background
Driving in pulsators is sustained only if the location of driving region overlaps/coincides with the adiabatic/non-adiabatic transition region (Cox & Giuli 1968) . If the outer layer of the star can be divided into m shells, the energy stored in the nth shell and its overlying layers is given by Q st = (C v 
where C v is the specific heat at constant volume in ergK -1 g _1 , T n is the temperature of that layer in Kelvins and M n is the mass of all layers above nth shell in grams. The energy lost from that layer in one pulsation cycle is given by Qi os t = L n P, where L n is the luminosity in ergs -1 and P is the period of oscillation. Equating the two relationships,
which also holds for the particular ionization zone if the nth shell has the partial ionization region. In general,
where Mdriv is the mass of all overlying layers above the driving region; if Mdriv is expressed in stellar mass units
This relationship can be used to determine the location of driving regions, by determining the limits of Mdriv in terms of the limits of the pulsation period P.
Data analysis
From the above section we find that we have to determine the limits of periods exhibited by white dwarf pulsators in order to estimate the location of the driving region. Most white dwarf pulsators are multiperiodic. Several small amplitude pulsations exhibited by an object may not be significant for mode identification but are useful to determine limits of periods exhibited by the star. In order to do this, we compute the Fourier transform (FT) of the WET data of the target stars mentioned in Section 1 to the maximum allowable frequency range. The data length of each of the above stars is of the order of 10-15 days and the integration time used is 10 s. Hence the FT is computed from 110 //Hz to 50 000//Hz (20 s to « 10000 s). Though for mode identification we use a fine resolution of 0.2//Hz (Winget et al. , 1994 here we use an average of 100 points and a resolution of 20 //Hz. It is observed that the above target pulsators do not exhibit any periods below 50 s. Therefore the output of FT is divided into two parts. The main portion is from 110//Hz to 20 000//Hz (10000 s to 50 s), where most of the pulsations are present, and the end portion from 20 000//Hz to 50 000//Hz (50 s to 20 s) is used to estimate the scintillation noise levels.
Noise subtraction
Most of the observing sites are equipped with a two-star or three-channel photometers. In order to estimate the background contributed power, we compute also the FT for the Channel 2 (ch2) star which we call as ch2 spectrum. This gives an estimate of the noise contributed at various sites due to transparency (in the lower frequency range) and scintillation. However, the ch2 star is not of similar magnitude and color as the target star and hence may not give the exact value of the background spectrum. Observationally this is the best estimate we can obtain with the present datasets. We use the end portion of the spectra of both the target star (chl star) and the ch2 star to see if the noise levels are comparable. This is an approximation considering that: (1) the chl and ch2 stars are few arcminutes apart; (2) the window function of chl and ch2 may not be the same since some portions where chl data are available, data for the ch2 star can be missing;
(3) the magnitudes and colours of the chl and ch2 stars may not match; (4) not all observers may choose the same comparison star.
However, in spite of the above problems, we find that the noise power exhibited by the ch2 spectra of the three target stars chosen are very similar to that of the respective target star, as shown in the following sections. Thus the ch2 spectrum is taken to be an estimate of the overall noise spectrum of the complete data set. Both chl and ch2 spectra are plotted in the form of ln(power) versus frequency. ln(power) is chosen as the Y axis to highlight any small peaks in the spectrum. In order to estimate the scintillation noise in both channels, we fit the end portion of the ch2 spectrum with a straight line and compare the intercept with the same for the target star. If the intercept values are same, normalization is not necessary, in spite of all above differentiating factors between chl and ch2. In case they are different, a normalization factor is applied to the lower intercept to match the two channels. After applying this normalization factor, the main portion of ch2 spectrum is fitted with a functional form of Ae~Bf + C using the method of non-linear least squares, over the complete range of 110/iHz to 20 000/iHz. Here / is the frequency in Hz. A more complicated and accurate fit can be used in different parts of the spectrum, but we use this simple fit for a first order estimate. This fit is then subtracted from the chl spectrum to remove the noise contribution. This gives a plot of ln(chl power/ch2 power) versus frequency. The limits of the periods may be estimated by considering the range of frequency in which power is detected, which can be visually determined from the values of the frequency at which the power spectrum cross the zero power line in the above plot. On the lower frequency end the curve often never crosses zero, in which case we do not have the exact period limit but have only a lower estimate of it.
OBSERVATIONS AND DATA ANALYSIS
As it was mentioned in Section 1 we use the WET data on G 29-38 (DAV), GD358 (DBV) and PG 1159-035 (DOV) for the above analysis. G 29-38 was the WET target in November 1988 (Winget et al. 1990 ) GD 358 was observed during May 1990 (Winget et al. 1994 ) and PG 1159-035 was the program star during March 1989 . We describe below the analysis of each of the above target (chl) star and the corresponding ch2 star. 
G 29-38
The end portion of ch2 spectrum (In power vs frequency), when fitted with a straight line, gives an intercept of -19.0 and a slope of nearly 0 (10 -5 ) (Fig. 1) . The intercept value of -19.0 can be converted into a noise power of 2.8 x 10~7 per mHz. Even though this is an estimate of a scintillation noise using data of several sites, it is comparable to the value of 2xl0 -7 mHz -1 (Warner 1988 ) obtained from a single site. This indicates that in spite of this being an overall estimate it is a very good estimate close to what one may obtain using single site data. The main ch2 spectrum is fitted with Ae~Bf + C where A = 3.45 ±0.09, B = 566 ±22, C = -18.94 ± 0.01
The spectral values along with the fit are given in Fig. 2 . It may be noticed that the first few points are rather steep and not fitted well. We will take this into account in our estimate of period limits as given in the following paragraphs. The end portion of chl also gives an intercept of -19.0. Consequently, no normalization factor between chl and ch2 is needed in this case.
We now estimate the limits of the period as follows. The main portion of the chl spectrum is shown in Fig. 3 . The same, after subtracting the ch2 fit in order to remove the contribution due to noise, is shown in Fig. 4 . The spectrum crosses the zero power line at 17500 //Hz. This gives a lower limit of the period to be 57.1 s. On the low frequency end, the spectrum does not cross zero. This could be because: (a) There is genuine excess power in the low frequency region. We are not able to estimate this correctly because of the length of our data set. (b) As mentioned above, when we fit ch2 spectrum with Ae~Bf + C\ the first few points define a rather steep function and are not 
GD358
A similar analysis was done on GD 358. The intercept of the end portion of the ch2 spectrum was -17.92 and that of chl was -18.3. Hence a normalization factor of 1.019 was applied to ch2 to match the chl. The reasons for the difference in above values are discussed in detail in Seetha (1991) . The main portion of ch2 was then fitted with an exponential fit. This fit was subtracted from the chl spectrum, and the result is shown in Fig. 5 .
The Pi ow was estimated to be 104 s (9600 ^Hz) and Phigh was again a lower limit of 3333 s. C v used was 10 
PG1159-035
The end portion of ch2 was -19.7 and that of chl was -19.3. Hence again a normalization factor of 1.021 was used. The ch2 spectrum was again fitted with an exponent. The chl spectrum after subtracting this fit is shown in Fig. 6 . From this figure we estimate the limits of P which are as follows. Plow = 357s (2800¿¿Hz) and P high = 1000s (1000/¿Hz).
In the case of this object, the spectrum crosses the value zero even at low frequency end and Phigh is not a lower limit. It may be mentioned that a theoretical estimate of Phigh in terms of thermal time scales for the star (Winget 1981 , Winget et al. 1982 matches well with the current observational limit. The temperature of this star is taken to be 1.25xl0 5 K. The luminosity of this object is estimated to be 1.6xl0 36 ergs _1 using a radius of 3xl0 9 cm since it is still in the contracting stage; C v = 10 8 ergg _1 K -1 . The location of driving region is estimated to be between 1.0 x 10 -7 M* and 4 x 10~8M*. 
CONCLUSIONS
The above analysis gives estimates of the location of the driving region in the above stars. This is the first time that such values have been estimated from observational data. The results on all the three objects indicate that the driving regions are located in the outermost layers of the white dwarfs. The values rule out convective blocking (Cox et al. 1987) as the driving mechanism which predicts that the driving region should lie even closer to the surface layers (10~1 5 M* for DAV and < 10~1 3 M* for DBV). The results also rule out nuclear driving in DOV as the driving mechanism, since the location of the nuclear shell burning is theoretically estimated to be closer to the core (0.4i?*) of the star. The above results appear to favour either partial ionization or convective driving as the driving mechanism for the above three targets. To derive the above results, we have used currently estimated values of C V ,T and L. Also, the power spectrum of these stars is observed to change with time. Whether the period limits will remain the same, is to be determined using the data sets of the later WET runs. An attempt will be made to see if the results improve by removing the alias power contribution in the above data sets.
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